Sheath Structures and Time Dependent Grain-Charge in a Plasma by Y. "Nejoh & H." Sanuki
§41 . Sheath Structu res and Ti me Dependent 
Grain-Charge in a Plasma 
Nejoh, Y. (Hachinohe lnst. of Tech.), Sanuki, H. 
The presence of particulate contaminants in 
etching, sputtering and deposition processors re-
mains a major problem in engineering plasma. 
Dust grains do not have well-defined mass, charge 
and size, and thus it is often quite difficult to un-
derstand plasmas having such dust grains. Such 
particulates are generally negatively charged. How-
ever, not many theoretical works on the trapped 
ions have been done in dusty plasmas. We inves-
tigate the effects of trapped ions and the nega-
tively charged dust grains to understand the be-
havior of the sheath near the wall and temporal 
evolution of the grain charge in laboratory plas-
mas. We show the modified sheath, the space 
charge density and the triple electric field due to 
trapped ions and dust grains in a plasma. 
The densities of electrons ne and dust grains 
nd form the Boltzmann distribution. The sec-
ondary electron beam density nb produced by 
the secondary emission, which forms an electron 
beam current. In order to investigate the ion 
density including trapped particles, we introduce 
the positive ion distribution function; 
where the curve Ve (v r ) has to be found, depend-
ing on the trajectories of particles. The Pois-
son equation in the sheath holds. Quasineu-
trality condition at the sheath edge holds. The 
boundary conditions are also considered. In this 
case, integration of the Poisson's equation gives 
rise to the electric field in the sheath. In order 
to study temporal evolution of the grain-charge, 
we consider the conservation law of the electric 
current-charge in the bulk plasma. We use the 
orbital limited motion theory. The charge num-
ber of dust grains can be obtained by solving 
aQd/at = Ie + h + Ii. 
In order to look into the formation of the 
sheath due to the grain charge, we perform the 
calculation for !Zd!=10, 20 and 30, and, in this 
case, Ji = niO/neo=1.8, 2.8 and 3.8, respectively. 
Fig.1 shows the sheath structure near the elec-
trode, where the fixed electrode potential ¢w = 
-100, Ti = ~/Te=0.2 and Jd = ndO/neO=O.l. 
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The electric field is shown in Fig.2. We see that 
the electric field forms the triple layer, which is 
newly found in this sheath. Positive ions are ac-
celerated and decelerated frequently by the elec-
tric field, and are drastically accelerated near the 
electrode. When there is no trapped ions, we 
cannot show the deformation of the sheath, an 
enhancement of the space charge density and the 
triple electric field structure. Hence trapped ions 
is the major effect in this plasma. In order to in-
vestigate temporal evolution of the grain-charge 
in the bulk plasma, we perform a simulation. It 
turns out that the time taken to attain the equi-
librium charge of the grain is shortened. 
Trapped ions gives rise to the remarkable change 
for the profiles of the sheath potential, the space 
charge density and the electric field, i.e., the 
modification of the potential profile, an enhance-
ment of the space charge density and the oc-
currence of the triple electric field, respectively. 
Therefore this fact implies that our results may 
be applicable to the control of the sheath by 
modifying the potential of the electrode. 
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Fig.l Sheaths with Zd=10, 20 and 30. 
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Fig.2 Electric fields with Zd=10, 20 and 30. 
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